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Abstract 
Bearing capacity of silty mudstone roofs is likely to become weaker after reacting with water during excavation-and-support 
process, which has resulted in many roof collapse accidents in some mining areas. Based on the practical situation of one coal 
mine, we carried out experimental research on instability mechanism of silty mudstone roofs under action with water, including: 
(1) quantitative analysis on clay minerals, consisting of 15% illite, 19% montmorillonite and 12% illite/montmorillonite 
interstratified materials, who have high water absorption capacity and they are the internal cause of instability of silty mudstone 
roofs, (2) experiments of disintegration and expansion, which shows the completely disintegration time is 1.5-2h and expansion 
pressure is 0.87MPa and 3) experiment of complete stress-strain curves under natural condition as well as  situation under action 
of water, which indicates that the peak strength decrease by 21.6% and 17.3% respectively when test block reacts with water in 
elastic and plastic stage, but residual strength decrease by 4.1%, 33.8%, 9.6% and 55.9% during elastic, plastic, strain-softening 
and residual stage under action of water. Overall, our study indicates that silty mudstone roofs contain high water absorption 
capacity minerals, which makes it disintegrate easily and expand strongly, another aspect is that its peak strength and residual 
strength decrease after reacting with water, which is the instability mechanism of silty mudstone roofs. In addition, we proposed 
a technology for controlling roofs stability, including water retention and improving support system stiffness. Field test indicates 
that a combined support system with high support system stiffness bolts can maintain the roof stability in this kind of coal drifts. 
Keywords: silty mudstone; reaction of water; roof instability; experimental research 
1. Introduction 
The problem of controlling surrounding rock under complicated condition is an significant and hot topic in 
mining engineering projects, especially for water-enriched roofs, which refer to interaction between rock and water 
under the influence caused by excavation, mining and support . The essential reason for rock mass instability and 
failure is the effect of mechanics, chemistry and physics exchange caused by rock-mass seepage pressure and 
hydrodynamic, among which chemical actions redistribute elements between rock-mass and water and lead to 
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change in rocks’ fine structure, resulting in changes on the properties of rock mechanics [1-3] .Especially for some 
special rock mass, which has a certain bearing capacity and always integrated in natural state, but they become 
easily disintegrative and  expansive and softened after short time reacting with water and then behave decrease in  
strength [4-6]. Some research discover that some mudstone have significantly expansibility, and their expansion 
stress is larger than support resistance of common support [7], and the rock initial water content, bulk density and 
load have significant effect on the expansion of rock[8]. In recent years, some researchers obtained the index value 
characterizing expansion and disintegration mechanism of soft rock by using fractal principle [9]. All these research 
results have proven to be successful in some practical application [10]. 
The siltstone roofs have wide distribution in Ningdong mining area of western China, where these rock mass 
possess a good integrity in nature state but its mechanical properties deteriorate rapidly when meet water. This is the 
root reason leading to roadway roof broken after excavation and roof-fall accidents, but a little research on this can 
be found both in home and abroad. Therefore, we carried out experimental research on silty mudstone roofs in a 
typical haulage drift and obtained some useful conclusions. 
2. General situation of project  
The main coal seam mined in haulage drift is No.4-2coal seam, with a recoverable range thickness of 2.10m to 
3.59m, and the average thickness is 2.91m. The burial depth of roadway are 210m. 
The roof has a good integrity within short time after excavation, but 1–2 months later, obvious subsidence took 
place in the roof and one roof-fall accident occurred (Fig. 1). 
(a)  (b)  (c)  (d)  
Fig. 1. (a) Left of roof-fall; (b) Top of roof-fall; (c) Right of roof-fall; (d) Restoration after roof-fall 
3. Experimental research on silty mudstone roofs reacting with water 
3.1. Quantitative analysis of clay minerals 
Quantitative analysis on clay minerals is carried out by the Analysis and Test Center of China University of 
Mining and Technology (see Table 1). The results show that the illite, smectite and illite/smectite interstratified 
minerals content account for 15%, 19% and 12% respectively, and they all have high water absorption capacity.  
Table 1. Results of clay minerals relatively quantitative analysis 
Sample Cl K I S I/S O 
Silty mudstone 7 45 15 19 12 2 
3.2. Disintegration experiment  
Before we do disintegration experiment, 3 cylinder sample with a size of Φ50×20mm are produced from the 
same silty mudstone by using dry drilling method, and then put them into a beaker whose measuring range is 
2000mm. The average room temperature is 3-5°C (Fig. 2).  
/ Procedia Earth and Planetary Science 1 (2009) 402–408 403Y. Qiang-ling et al. 
  
(a)   (b)  (c)  (d)  (e)  (f)  
Fig. 2. (a) 10 minutes; (b) 40 minutes; (c) 80 minutes; (d) 150 minutes; (e) 300 minutes; (f) 1080 minutes 
We can find that the entire disintegration process of silty mudstone under the action of water behave three 
following characteristics (1) disintegration process is quite rapid. After 1.5-2.0h, rock have been completely 
collapsed. Its strength is low, and can be cracked by hand; (2) The broken rocks still have some strength after they 
loss water through exposure in air. For example, if we take out the broken rocks and put them into the air to dry for 
2 days, then we can score shallow mark with our unguis on its surface; (3)Rock disintegrate fast under the action of 
physical, chemical and mechanical. Therefore, in order to reduce the influence of the water on surrounding rocks, 
we need to avoid the roadway soaking too long time, and adopt fast hydrophobic, drainage, block cut-off approach. 
3.3. Expansion experiment  
Three cylinder sample of Φ50×20mm was produced from the same silty mudstone by using dry drilling method, 
and then we adopt YP-1 rock swelling pressure machine to determine the expansion strain of rock (Fig. 3).  
 
Fig. 3. Schematic diagram of expansion experiment 
Pressure sensor must be calibrated before testing on the material testing machine, and relationship between stress 
and strain curve should be mapped out, and then calculated the rate coefficient. We put the sample into ring of water 
box, whose both ends are placed permeable rock through air dry and put a butt plate above, and then fix the sensor 
on the platen. You should make sure that all parts of machine are good contact. Fixing the dialgage, and adding 
distilled water into the water box until the water surface is 5mm higher than the sample. The ring’s role is to limit 
the lateral deformation of the sample, and the water inlet’s role is leading the water into the sample. The sample can 
only deform along the axial under the limit of radial. According to the change of dialgage’s numerical reading, load 
on the sample at the axial continually and limit the sample’s axial deformation, using the pressure sensor can 
measure the sample’s max axial swelling stress(see Table 2). 
Table 2. Results of expansion experiment 
Sample Number 
Unit weight 
γ0 (g.cm-3) 
Natural water 
contentw0 (%) 
Expansion rate of non-weight-
bearing and laterally constrained 
Vh (%) 
The maximum 
expansion stress 
Pmaxsw (MPa) 
Moisture 
expansion 
wsw (%) 
Silty mudstone 
1# 2.2 4.78 3.5 0.76 8.21 
2# 2.08 5.09 2.75 0.95 7.76 
3# 2.15 5.49 3.1 0.89 9.92 
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 According to the test result , we can reach the following conclusions: (1)Silty mudstone has characteristics of a 
strong expansion, the largest average expansion stress is 0.87MPa, but haulage drift adopt cable network support at 
the moment, which can only provide significantly smaller resistance than this value; (2)Based on the largest average 
expansion stress, we calculate resistance to determine support scheme and limit expansion deformation within a 
value, which is the elastic deformation of rock mass; (3)for roadway surrounding rock whose expansion 
characteristics is strong, only cable network support is not enough,  other measures such as closing rock and 
grouting reinforcement support in time are also needed at the same time to increase the strength of rock mass and 
prevent erosion effect of water.  
3.4. Experiment of complete stress-strain curve 
Disintegration and expansion caused by water-rock interactions result in the reduction in rock strength. Zhou 
Cuiying, Deng Yimei [11], study softening law of the mechanical properties of saturated soft rock in different time 
under uniaxial stress state , and the results have successful applied in slope stability analysis. Guo Fuli, Zhang 
Dingli[12] further study strength change law of saturated soft rock in different under triaxial stress state, offering 
support principle for soft rock under high stress condition by combining with roadway engineering. 
As a result of water-rock interaction, silty mudstone behave the characteristics of rapid disintegration and strong 
expansion, making it impossible to carry out normal experiment on mechanical properties softening for saturated 
soft rocks. In order to obtain softening law for silty mudstone after reacting with water, we used MTS815.02S 
electro-hydraulic servo test system for rock mechanics testing. Concrete steps are as follows: (1) In order to ensure 
samples have uniform physical and mechanical properties, they were made from the same block and shaped Φ50 × 
100mm cylindrical specimen; (2) Experiment of complete stress-strain curve have been done under natural 
conditions, and we obtained the mechanical parameters; (3) Experiment of complete stress-strain curve was carried 
out under the conditions of seepage pressure, and obtained the mechanical parameters . During the course of the 
experiment, we use MTS815.02 subsystems to control seepage pressure, use controller TestStarII to collect and 
process data, and we use the MTP module to generate experimental program. According to the geological conditions 
of Ningdong mining area, all the test samples to control for the initial parameters: confining pressure 3.0Mpa, the 
pore water pressure 2.0 Mpa, the initial osmotic pressure difference 1.0 Mpa (see Table 3). 
Table 3. Parameters of rock strength reaction of water 
Silty 
mudstone 
number 
Stress stage  
Sample size Confining 
pressure  
(MPa) 
Pore 
pressure 
(MPa)  
Osmotic 
pressure 
difference 
(MPa)   
Peak 
strength 
(MPa)    
Residua 
strength  
(MPa) 
Elastic 
modulus 
(103×MPa) Diameter 
φ (mm) 
Height 
H (mm) 
1# Natural stage 48.70 105.9 3.0   26.23 4.35 7.34 
2# The stage of flexible 49.22 108.36 3.0 2.0 1.0 18.34 4.20 7.24 
3# The stage of plastic 50.82 108.24 3.0 2.0 1.0 19.35 2.90 2.02 
4# 
The stage of 
strain-
softening 
49.60 105.50 3.0 2.0 1.0 23.97 3.96 5.88 
5# 
The stage of 
residual 
strength 
49.90 10.300 3.0 2.0 1.0 19.99 1.93 1.73 
We can see from the Table 3 that, the peak strength and residual strength of the silty mudstone will reduce when 
stress is different under the action of the infiltration pressure,: (1) peak strength of sample is decreased. Without 
water erosion, the average strength value of rock sample is 23.40Mpa, while peak strength of rock sample decrease 
by 21.6% and 17.3% respectively when test block reacts with water between elastic and plastic stage compared with 
the state without water action. (2) stable residual strength of specimen is reduced. Stable residual strength of rock 
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specimen decrease by 4.1%, 33.8%, 9.6% and 55.9% during elastic, plastic, strain-softening and residual stage under 
action of water. 
Overall, the residual strength of rock specimen reduce as much as 55.9% when rock react with water before 
residual strength stage. When the rocks meet water before they reach peak strength, that is in elastic and plastic 
stages, stage the peak strength of the specimen is not influenced largely, with values only decreased by 21.6% and 
17.3% respectively. The reduction of peak strength is bound to reduce the plastic limit load-bearing strength in the 
balance area, as a result of the reduced bearing capacity, a wider range of rock mass become the plastic limit 
equilibrium area, enlarging the plastic zone. 
4. Instability mechanism of silty mudstone roofs under action of water 
Experimental research shows that instability mechanism of silty mudstone roofs under action of water is: (1) The 
relative quantitative analysis of clay found the internal cause of deformation and damage of silty mudstone roofs is 
illite, montmorillonite and illite/montmorillonite interstratified minerals, which are easy to absorb water and account 
for 46% of the whole rock, (2) disturbances induced by excavation-and-support are likely to make the stress 
redistribution of surrounding rocks in coal drifts, which change the time and spatial relationships of water-rock 
interaction. Experiments show that: under acting of water, silty mudstone is easy to disintegrate and expand, and it 
can completely disintegrate within 1.5-2h and produce a expansion pressure of 0.87MPa. hydraulic channels are 
produced under the mining disturbance, thus disintegration and expansion of silty mudstone occurred, weakening 
the strength of the roof; (3) pseudo-rock mechanics triaxial permeability test shows that residual strength of the rock 
represent the largest reduction when rock meet water in the residual strength stage. Roadways support is different 
from the support of general roadways, subway and other ground works, and it is very important to make full use of 
the bearing capacity of residual strength of surrounding rocks, which is an significant aspect for roadway 
maintenance. Field observations indicate that the majority of silty mudstone roofs have long seepage periods after 
roadway excavation, and they often need 5-10 months to drain water completely. Long-term water-rock interaction 
can weaken the residual strength of rock, which is external cause for roadway damage. 
5. Engineering application 
5.1. Countermeasures of controlling surrounding rocks 
The research results have been successfully applied in haulage drift in Ningdong mining area. We have summed 
up instability mechanism of silty mudstone roofs under action of water, and put forward countermeasures of 
controlling surrounding rocks. 
(1) Enclosing the surrounding rocks in time. In order to decrease the weakening effect of water on silty mudstone 
caused   by factors such as roadway excavation and support and prevent them surface of surrounding rock from 
weathering, we put forward a support countermeasure, including spraying concrete for roof and enclosing 
surrounding rock immediately. 
(2) Improving support system stiffness. Peak strength and residual strength decrease under action of water. In 
order to improve stability of surrounding rocks, we put forward measures to improve support system stiffness. 
(3) Based on the situation of water spraying, the hydrophobic holes must be designed in the roofs. 
5.2. Technological scheme 
One section of the roadways is round arch -shaped, with a width of 4.6 m and a height of 3.6m (Fig. 4). 
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Fig. 4. Sectional drawing of roadway support parameters 
(1) After roadway excavation, a shotcrete of polypropylene fibers with a thickness of 50mm is carried out to 
enclose surrounding rock. 
(2) Schematic design. In Fig.4, the roof bolts have a steel thread with a dimensions of Φ20×2500 mm. The bolts 
used in both sides are round steel with dimensions of Φ16×1600 mm. A metal net used in the roof had a length of 
5700 mm and a width of 800 mm. As well #14# galvanized iron wire is used to connect the long side of the metal 
net. A plastic net, with an overlapping width of 200 mm is used on both sides, #14 #galvanized iron wire is used to 
connect the long side length 10000 and a width of 2000mm.The dimension of the steel support plate used in the roof 
are 120×120×10 mm. A small aperture anchor was used to strengthen the roof support with a dimension of 
Φ17.8×5500 mm. The material of the anchor joist is #14# channel steel, 4000 mm long. The size of the plate is 
300×300×12mm. The anchor style is extensible bolting and the type of explosive resin roll Z2370, two explosive 
resin rolls are used for the roof bolt, one for the bolt on each side and three for the anchor cable. 
(3) Hydrophobic holes with a dimension of Φ75×6000 mm are designed in the high water spraying. 
During the period of field application, the deformation of the surrounding rock in excavation stage and the 
stability stage after excavation is basically in a stable condition, no roof-fall accident happen. The deformation of 
the roof and floor is greater than that of two sides, with values of 20-30mm and 50 ~ 100mm respectively. 
6. Conclusions 
(1)The weakening experiments of water silty mudstone collapse, expansion, peak strength and residual strength 
show that: rock in the water after 1.5 ~ 2h completely collapse, the average expansion pressure is 0.87MPa, the peak 
strength in elastic phase and plastic stage decreased by 21.6% and 17.3% after reacting with water elastic stage, 
plastic stage, strain softening and residual strength decreased by 4.1%, 33.8%, 9.6% and 55.9% respectively after 
reaction with water. The decrease in peak strength is bound to reduce the plastic limit load-bearing strength of the 
balance area, and as a result of the reduced bearing capacity, a wider range of rock become the plastic limit 
equilibrium area, enlarging the plastic zone. 
(2) The instability mechanism of silty mudstone aquifer roof is that: illite, smectite and mixed-layer Eamonn in 
silty mudstone which are easy to absorb water and expand composed of 46%, which is the internal cause for 
deformation and failure of water-bearing silty mudstone roof; disturbance of roadway excavation, support change 
the time and spacial relationship of water-rock interaction providing a channel for water-rock interaction. 
Experiments also show that: the stable residual phase of rock is weaken most obviously when rock react with water 
at residual stage, the long-term of water-rock interaction weaken residual strength of the wallrock, which is external 
cause for  roadway instability. 
(3) The key technology for controlling surrounding rocks are sealing the surrounding rocks in time, combining 
supporting technology of anchor-belt-net-cable and hydrophobic. 
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